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Description

BACKGROUND OF THE INVENTION

5 i. Field of the Invention

means of a test that employs only a small volume of biological fluid.

2 Discussion of the Art

nephropathy, and neuropathy.
HiahotPQ a^ociated complications is the maintenance of an appropri-

by determination of change in reflectance.
diabetics to monitor the level of blood glucose. The best

FOODS] There are numerous dev,ces currently ava,^"J^™™^ for placement on a strip, which is

of these devices require the diabehc to pnck .^ °

PMm one's finger tends to be painful.

o. collecting biological samples be monitored by measuring the .eve. of

[0006] Several patents have proposed that the level of 0W«»
q{^ stratum comeum

g.ucose in interstitial fluid. In order to obtain samples of mtera
J-J^JJ5 M ^ stratum comeum of a

must be overcome. Jacques, U. S. Paten ^^^JSJiJ pu ,se .ength, pulse energy, pulse number,

extremely expensive. „,~.0« for the removal of superficial epidermal skin cells

[0007] Tankovich. U. S. Patent No. 5,423,803.Mow a^^^eZcLi light is topically applied to the

(n the human skin. A contaminant having aW l^SS^«^ cells "^

width between 0.05 and 0.5 mm and a length of equal to or ess man
2^5

mm.
^ g^ rapjd|y

[0009] It should be noted that it is desirable for "J^*^^^0^^ runs from the moment
Mostcommerciallyavailabledevicesprovidearesultinunderje

of sticking the finger to the display of the resu«
interstitial fluid typically provide

one-minute testing period is difficult to safisfy,J^^'J^J^ in a samp.e of interstitia. fluid.
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substrate of porous material, which permits the passage of the interstitial fluid therethrough. At least two electrodes

are provided. One of the electrodes has two sides, with one side mounted on the substrate. The one electrode is also

of a porous material for the passage of the interstitial fluid from the one side in contact with the substrate to through

to the second side, which is generally opposite the one side. A layer of chemical is on the second side. The layer

5 comprises a chemical for reaction with one component in the interstitial fluid. The chemical is mixed in a mediating

agent. The electrodes produce a response to the reaction of one component of the interstitial fluid with the chemical.

A detector receives the electrical signal; generated by the electrodes and generates a display indicative of the amount
of the one component in the interstitial fluid. According to this patent, at a sampling rate of approximately 0.4 microliter/

min/cm2 , the entire electrodes can be wetted in less than 2 seconds.

io [0011] U.S. Patent No. 5,508,200 discloses a system for high performance automated chemical analysis including

a video camera photometer with a computer-controlled interference filter wheel. A fluidics system delivers ultramicro

sample and reagent volumes in the 0.05 to 5.0 microliter range to a supporting analytical media. The media is precisely

positioned relative to the photometer by an x-y axis reaction media holder capable of accurate and precise position of

the urtramicro reaction spots. The reaction media can consist of absorbent cellulose sample/reaction strips or micro-

's scopic sized multiple wells. A data and reduction system monitors multiple simultaneous reactions within a common
test area of the analytical media to provide final quantitative reports. The method for conducting multiple chemical

assays involves placing small volumes of sample/reagent combinations at discrete locations about a common test area

on the analytical media and simultaneously measuring resulting optical changes at each discrete location.

[0012] U. S. Patent No. 5,202,261 discloses a diagnostic device including a conductive analyte sensor comprising

20 a reaction zone and a detection zone, wherein the detection zone includes a conducting polymer and a microelectrode

assembly. The conductive sensor allows the detection and measurement of a predetermined analyte in a liquid test

sample, wherein the predetermined analyte is assayed by an oxidase interaction. An interaction between the prede-

termined analyte and an oxidase enzyme occurs in the reaction zone of the conductive sensor to produce, either directly

or indirectly, a dopant compound that migrates to the detection zone of the sensor. The detection zone of the device

25 is in laminar contact with the reaction zone and includes a layer or film of conducting polymer that is oxidized by the

dopant compound. Therefore, the conductivity of the conducting polymer is changed, and the change in conductivity

of the conducting polymer layer is detected and measured by the microelectrode assembly and is correlated to the

concentration of predetermined analyte in the sample. The device can utilize a test sample having a volume of from

about 0.1 \iL to about 5 jxL, and usually less than 1 nL of whole blood. EP-A-0 422 708 discloses a test device for

30 assaying optically an anaylte which comprises a sample cavity that is filled by capillarity. The device is built by fixing

together two transparent plates (at least one of them acting as a light-transmissive waveguide) in parallel opposed and

spaced relation using bonding tracks made of an adhesive resine. Said bonding tracks have two apertures, one for

introducing the sample into the cavity and the other one to altw exit of air when the sample is loaded into the cell.

[0013] It would be desirable to provide a means for detecting the concentration of glucose in small volumes of inter-

35 stitial fluid, preferably with an optical reading system, because such a system is more sensitive than an electrochemical

reading system.

SUMMARY OF THE INVENTION

40 [0014] This invention provides an article and a method for monitoring the concentration of glucose in blood. In one
aspect, the invention involves an article comprising a multiple-layer element utilizing reagents capable of reacting with

an analyte of interest. In one embodiment, the element comprises:

(a) a base layer having two major surfaces, the base layer further having an opening, a flow channel, and an optical

45 reading chamber, one end of which flow channel communicates with the opening in the base layer and the other

end of which flow channel communicates with the optical reading chamber; and

(b) a cover layer in face-to-face contact with the major surface of the base layer containing the opening, the cover

layer having an opening therein to vent the element.

50 in this embodiment, the optical reading chamber does not extend completely through the base layer. The sample is

introduced into the opening in the base layer and then flows through the flow channel into the optical reading chamber.

The reagents with which the analyte in the sample reacts to form an optically detectable reaction product can be
disposed in the optical reading chamber or can be added to the sample before the sample enters the optical reading

chamber.

55 [0015] In a preferred embodiment, the element comprises:

(a) a core layer having two major surfaces, the core layer further having an opening, a flow channel, and an optical

reading chamber, one end of which flow channel communicates with the opening in the core layer and the other

3
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end of which flow channel communicates with the optical reading chamber; and

(b) a base layer in face-to-face contact with one major surface of the core layer; and

(c) a cover layer in face-to-face contact with the other major surface of the core layer, said cover layer having an

opening therein to vent the element.

5

In this embodiment, the optical reading chamber extends completely through the core layer The sample is introduced

into the opening in the core layer and then flows through the flow channel into the optical reading chamber. The reagents

with which the analyte in the sample reacts to form an optically detectable reaction product can be disposed in the

optica! reading chamber or can be added to the sample before the sample enters the optical reading chamber.

10 [0016] In another aspect, the invention involves a method comprising the steps of:

(a) introducing a sample of biological fluid, e. g., interstitial fluid, obtained from the body of a patient;

to an article comprising a multiple-layer element having an optical reading chamber as claimed in claims 1 and 13;

(b) allowing reagents to react with an analyte of interest in the sample; and

is (c) measuring the concentration of analyte in the sample by means of an optical instrument.

The reagents can be made to react with the sample in one of a number of ways. It is preferred that the reagents be

deposited in the optical reading chamber of the multiple-layer element. Alternatively, the reagents can be mixed with

the sample, and the resulting reaction mixture can be introduced to the multiple-layer element. As another alternative,

20 a liquid reagent can be introduced to the multiple-layer element and then the sample can be introduced to the multiple-

layer element.

[001 7] The article and process of this invention allow the use of samples of extremely low volume to provide extremely

sensitive assay results. The article and process of this invention do not require the use of complicated delivery equip-

ment, e. g., precision pipettes. The article of this invention is self-filling and can be filled with a precise amount of sample.

25 [0018] The article has been shown to provide accurate and reproducible results with samples having a volume of as

low as about 0.25 u.L

BRIEF DESCRIPTION OF THE DRAWINGS

30 [0019]

FIG. 1 is a perspective view of an embodiment of an article suitable for use in this invention.

FIG. 2 is a perspective view of the embodiment shown in FIG. 1, with the layers shown peeled-apart

35

FIG. 3 is a partial perspective view of a preferred embodiment of an article suitable for use in this invention. The

view illustrates the functional portion of the article.

FIG. 4 is a partial perspective view of the embodiment shown in FIG. 3, with the layers shown peeled-apart. The

40 view illustrates the functional portion of the article.

FIG. 5 is a partial top plan view of the article shown in FIGS. 3 and 4. The view illustrates the functional portion of

the article.

45 FIG. 6 is a partial bottom plan view of the article shown in FIGS. 3 and 4. The view illustrates the functional portion

of the article. The view illustrates the functional portion of the article.

FIG. 7 is a partial cross-sectional view of the article shown in FIGS. 3 and 4. The view illustrates the functional

portion of the article.

50

FIG. 8 is a partial perspective view of another embodiment of an article suitable for use in this invention, with the

layers shown peeled apart. The view illustrates the functional portion of the article.

FIG. 9 is a partial cross-sectional view of the article shown in FIG. 8. The view illustrates the functional portion of

55 the article.

FIG. 10 is a graph illustrating absorbance at 515 nm of a glucose solution as a function of glucose concentration.

4
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FIG. 11 is a graph illustrating absorbance at 640 nm of a glucose solution as a function of glucose concentration.

FIG. 12 is a graph illustrating absorbance at 640 nm of a glucose solution as a function of glucose concentration.

s FIG. 13 is a graph illustrating absorbance at 640 nm of a glucose solution as a function of glucose concentration.

FIG. 14 is a graph illustrating absorbance at 640 nm of a glucose solution as a function of glucose concentration.

FIG. 15 is a graph illustrating absorbance at 640 nm of a glucose solution as a function of glucose concentration.

10

FIG. 1 6 is a schematic diagram of an instrument suitable for reading optical properties of the article of this invention.

DETAILED DESCRIPTION

is [0020J This invention provides an article and a method for monitoring the concentration of an analyte, e. g., glucose,

in blood. In one aspect, the invention involves an article comprising a multiple-layer element utilizing reagents capable

of reacting with an analyte of interest. In another aspect, the invention involves a method for monitoring the concen-

tration of an analyte in blood by using the article.

[0021 ] Referring now to FIGS. 1 and 2, the article 1 0 comprises a base layer 1 2, overlying the base layer 1 2 a core

20 layer 1 4, and overlying the core layer 1 4 a cover layer 1 6. The core layer 1 4 has a first major surface 1 7 and a second

major surface 1 8. The core layer 1 4 comprises an application site 20 communicating with a first end 22 of a flow channel

24. The flow channel 24 has a second end 26, which communicates with an optical reading chamber 28. The cover

layer 16 has an opening 30, which serves as a vent. This embodiment requires a base layer 12 below the core layer

14, because the optical reading chamber 28 extends all the way through the core layer 14. A first major surface 38 of

25 the cover layer 1 6 is in face-to-face contact with major surface 17 of the core layer 1 4. A first major surface 40 of the

base layer 1 2 is in face-to-face contact with major surface 1 8 of the core layer 14.

[0022] Referring now to FIGS. 3, 4, 5, 6, and 7, the article 100 comprises a base layer 102, overlying the base layer

102 a core layer 112, and overlying the core layer 112 a cover layer 114. The core layer 112 has a first major surface

116 and a second major surface 118. The core layer 112 comprises an application site 120 communicating with a first

30 end 122 of a flow channel 124. The flow channel 124 has a second end 126, which communicates with an optical

reading chamber 128. The cover layer 114 has an opening 130, which serves as a vent. A vent channel 132 having a

first end 134 that communicates with the optical reading chamber 128 and a second end 136 that communicates with

the opening 130 is provided in the core layer 112. This embodiment requires a base layer 102 below the core layer

112, because the optical reading chamber 128 extends all the way through the core layer 112. A first major surface

35 1 38 of the cover layer 1 1 4 is in face-to-face contact with major surface 1 1 6 of the core layer 1 1 2. A first major surface

140 of the base layer 102 is in face-to-face contact with major surface 11 8 of the core layer 112.

[0023] Referring now to FIGS. 8 and 9, the article 210 comprises a base layer 212 having a first major surface 214

and a second major surface 216. Overlying the base layer 212 and in face-to-face contact with major surface 214 is

a cover layer 218. The base layer 212 comprises an application site 220 communicating with a first end 222 of a flow

to channel 224. The flow channel 224 has a second end 226, which communicates with an optical reading chamber 228.

The cover layer 218 has an opening 230, which serves as a vent. A vent channel 232 having a first end 234 that

communicates with the optical reading chamber 228 and a second end 236 that communicates with the opening 230
is provided in the base layer 212. This embodiment does not require a third layer in face-to-face contact with major

surface 216 of the base jayer 212 because the application site 220, the flow channel 224, and the optical reading

^5 chamber 228 are elevated from major surface 16 of the base layer 212. The embodiment shown in FIGS. 3, 4, 5, 6,

and 7 is preferred because it is easier to prepare in mass quantities.

[0024] Regardless of which embodiment is used, the surface dimensions of each layer are not critical, except to the

extent that the dimensions must be selected so that the article will property fit into an optical metering device. An
example of surface dimensions suitable for an article of this invention having a rectangular surface are a length of 30

so mm and a width of 20 mm. With respect to the preferred embodiment, an example of the thickness of the article is 0.3.

mm. An example of the thickness of the base layer 1 02 is 0.1 mm. An example of the thickness of the cover layer 1 1

4

is 0.1 mm. An example of the thickness of the core layer 11 2 is 0.3 mm.
[0025] The portion of the cover layer and the portion of the base layer in register with the top and bottom of the optical

reading chamber should be capable of transmitting light so that light transmitted through the article will not be obstructed

55 from the reaction product. In the embodiment employing a core layer, the core layer need not be capable of transmitting

light.

[0026] At least one of the base layer and cover layer must be hydrophilic. The core layer must not be capable of

absorbing liquid. Materials that are suitable for preparing the core layer include glass and polymeric materials.

5
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[0027] It should be noted that each of the named layers, i. e., the base layer, the core layer, and the cover layer, can

comprise a single layer of material or, in the alternative, two or more layers of material joined together, as by adhesive,

heat sealing, or some other means of lamination. However, it is preferred that each of the layers comprise a single

layer of materia! on account of cost considerations, unless a composite layer would provide improved performance

5 with respect to some parameter.

[0028] The optical reading chamber is capable of serving three functions: sample metering, reagent storing, and

optical measurement. The volume of the optical reading chamber should be sufficiently large so that accurate optical

measurement of concentration of analyte can be made. The volume of the optical reading chamber should be sufficiently

small so that the volume of sample required for measurement can be extremely small. It is preferred that the volume

10 of the optical reading chamber be less than about 1 .0 ul, so that a small volume of sample will be sufficient. The shape

of the optical reading chamber is not critical. However, it is preferred that the optical reading chamber be cylindrical in

shape to bring about improved flow properties and reduction in the amount of sample required. Other shapes, e. g.,

rectangular, of the optical reading chamber can be used. It is preferred that the read area of the optical reading chamber

be of a shape similar to the area of the light source. For example, if the light source is circular in shape, it is preferred

is that the optical reading chamber be cylindrical in shape. It is preferred that the depth of the optical reading chamber

be selected so that the amount of sample required can be minimized.

[0029] The flow channel preferably has a rectangular cross-section, primarily because of ease of manufacture. The

cross-section of the flow channel should be of a sufficient size so that a sufficient quantity of fluid can flow at a sufficient

rate of flow even if random manufacturing defects are present in the flow channel. It is preferred that the dimensions

20 of the cross-section of the flow channel be selected so that the depth of the flow channel is substantially equal to the

depth of the optical reading chamber. If the depth of the flow channel is substantially greater than the depth of the

optical reading chamber, a greater volume of sample may be required to carry out an assay. If the depth of the flow

channel is substantially smaller than the depth of the optical reading chamber, manufacturing defects should signifi-

cantly reduce the rate of flow of the sample. The width of the flow channel is selected so that the amount of sample

25 required can be minimized. The length of the flow channel is selected so that the amount of sample required can be

minimized. Other factors to be considered in selecting the dimensions of the flow channel include manufacturing prob-

lems and likelihood of evaporation of sample.

[0030] The vent channel preferably has a rectangular cross-section, primarily because of ease of manufacture. The

vent channel should be of a sufficient length that evaporation of the sample in the vent channel does not adversely

so affect the optical reading chamber. An example of such an adverse effect is the presence of an air bubble in the optical

reading chamber, which will result in erroneous absorbance readings. The volume of the vent channel is preferably

made as small as possible in order to reduce the volume of the sample. The volume of the vent channel should be

sufficiently great that air bubbles will not be formed in the optical reading chamber. The depth of the vent channel and

the width of the vent channel are selected so that air bubbles will not be formed in the optical reading chamber.

35 [0031 ] Representative examples of dimensions of other features of the article of the preferred embodiment (FIGS.

3, 4, 5, 6, and 7) are as follows:

Feature Dimensions

Optical reading chamber 1 .5 mm diameter x 0.1 mm depth

Flow channel 0.5 mm length x 0.5 mm width x 0.1 mm depth

Vent channel 0.5 mm length x 0.5 mm width x 0.1 mm depth

Vent opening 0.05 mm diameter

45

[0032] Detection of analyte is carried out by measuring the change in an optical property of the material in the optical

reading chamber resulting from one or more reactions involving the analyte with one or more reagents, whereby chang-

es in absorbance can be observed by an optical instrument. In the case of determination of glucose, the reagents

typically include at least one enzyme and at least one dye.

50 [0033] In one assay system for determining concentration of glucose, glucose in the sample is oxidized by glucose

oxidase to form gluconic acid and H202. The amount of H202 produced is then measured quantitatively by Reaction

(1 ) or Reaction (2).

55
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Reaction (1)

Peroxidase

Dye (colorless) + H202
= > Oxidized dye (colored) + H20

Reaction (2)

H202
+ Rj2*- . >Fe^-fH20

15

Fe3* + dye > Fe3* dye complex

[0034] In Reaction (1 ), the enzyme peroxidase (e. g., horse radish peroxidase, microperoxidase) catalyzes the oxi-

20 dation of the dye or converts H202 to H20. The color intensity is directly proportional to the concentration of glucose

in the sample. Representative examples of dyes that have been used include o-dianisidine, 4-aminoantipyrine, and
3,5-dichloro-2-hydroxybenzenesulfonate.

[0035] In Reaction (2), H202 oxidizes the Fe2+ to Fe3*. Fe3* then chelates with dye to produce a specific absorption

peak. Representative examples of ferrous salt include ferrous sulfate and potassium ferrocyanide. Representative
25 examples of the dye include xylenol orange. The amount of Fe^ dye complex that forms is proportional to the amount

of glucose in the sample.

[0036] In another assay system for determining concentration of glucose, which is preferred for this invention, glucose

dehydrogenase enzyme reacts specifically with glucose in the sample in the presence of co-enzyme P-nicotinamide

adenine dinucleotide (p-NAD) to form NADH, the reduced form of + p-NAD. The NADH reacts with an electron accepting
30 dye, e. g., 344,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT), catalyzed by the diaphorase enzyme to

form a dark purple-reddish color. The color intensity measured at 640 nm is directly proportional to the concentration

of glucose in the sample.

Glucose dehydrogenase

Glucose + p-NAD— , . ^ Gluconic acid + NADH

Diaphorase

NADH + MTT (yellow) >MTT (purple-reddish) + p-NAD

[0037] In both systems, detection is carried out by means of optical measurement. The measurement can be of

absorbance, reflectance, or transmittance. It is preferred that absorbance be employed. The specimens suitable for

the method include, but are not limited to, blood, plasma, serum, interstitial fluid, urine.

Operation

[0038] Samples of interstitial fluid can be obtained from a patient by any of a variety of methods, which are well-

known to one of ordinary skill in the art. Such methods include, but are not limited to, those described in U. S. Patent
55 Nos. 4,775,361 ; 5,423,803; WO 94/0971 3; and WO 97/07734.

[0039] The multiple-layer element preferably contains a dried reagent in the optical reading chamber 1 28. The sample
obtained from the patient is introduced to the multiple-layer element at the application site 120. After introduction to

the element, the liquid sample flows through the flow channel 124 into the optical reading chamber 128 and from the

7
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optical reading chamber 128 to the end of the vent channel 132. The fluid ceases flowing when it reaches
.

«W"tag

130 The liquid sample rehydrates the dried reagent in the optical reading chamber. wh,ch then reacts with the analyte

oUnte?^
as capWarJIowT flow that is driven by capillary attraction, which can be defined as the force that results from

oreaS adhesion of a liquid to a solid surface than interna, cohesion of the liquid itself. Alternatively if me mulbple-

KelememSes not contain a dried reagent in the optical reading chamber, the sample obtained from the patient

ca The mJedShe reagent, and the resulting mixture introduced to the multiple-layer e.ement at the app.ica ,on

Z, into the optica, reading chamber 128 and from the optica, reading chamber 128 to the end of the ventchannel

132. The reaction mixture ceases flowing when it reaches me opening 130. The reaction occurs pnor to the entrance

of the reaction mixture to the optical reading chamber.

?M4« * h0* thesamP,e and *• reagente 8re*™™"™*°^>^°^1™^*ZTZ
when the reaction product, i. e., the product of reaction between the reagent and the analyte, b finally located n the

o£teaUea^g chamber. The optica, reading is typical* an absorbance reading. FIG. 16 shows an apparato«Ub

for measuring absorbance. The apparatus 300 comprises a source of light 302 and a detector 304 The mulhp.e-.ayer

etement 306 is disposed between the source of light 302 and the detector 304. The optica, reading chambe 308 in

tTe mul.iple-.ayer e.ement 304 is aligned with the light from the source of light 302 and the de ector 304 so mat the

TghUrom the source of light 302 is transmitted through the optica, reading chamber 308 and detected by the detector

304 The source of light 302 preferably has a wavelength of from about 500 nm to about 700 nm. A preferred source

oflight is a light emitting diode. The detector 304 is preferably a photodetector. and the readings are usual.y reported

raO

V

4n The element of the present invention provides several significant advantages. First, only a very lo«
,

volume

of sample is required for carrying out the assay. Second, the fluid transfer does no. require precis.on pipetting. In

addS the resets of «he assay'can be read optically. Optica, reading can provide more accurah,

«

results read electronically. Furthermore, the article can be constructed so that evaporation of the£mpte can be min

- Wzed. The particular reagente that are used in the article and method of this invents are capable of reacting under

low oxygen conditions, with the result that the results are accurate, sensitive, and reproducible.

°0042]
y

The utilization of capillary flow for fil.ing the optica, reading chamber allows the ehmmabon of the
,

need or

external force to fill the optical reading chamber, thereby eliminating the need for pumps, motors tub.nojandthe
>

like

[0043] The article and method of this invention can be adapted for measuring the concentration of analyses other

San glucose. Such ahalytes include, for example, cholesterol, uric acid, BUN (blood urea nitrogen), and creatinine.

[0044] The following non-limiting examples are intended to further illustrate the invention.

EXAMPLES

EXAMPLE 1

[00451 This example demonstrates the feasibility of a glucose assay wherein the sample size was less than 25 nL.

[0046] The following materials were purchased from Sigma Chemical Company:

Glucose oxidase

Horseradish peroxidase

4-Aminoantipyrine

3, 5-Dichloro-2-hydroxy-benzenesulfonic acid

Sodium phosphate

maZoptoZoiScr«mbe,hasadifferents^
^dement lOwas 0.33 mm thick. The cover Iayer16and the base layeM2of th.^^l*^™™*
011 mm thick. The cover layer 16 and the base layer 12 were adhered to^opposite major surfaces of the core laye

14 by means of adhesive. The cover layer 16 and the base layer 12 of me multip.e-fcyer element 10 we e made of

o.yca^nate.Thecore.ayer140f«hemu.tip.e-.ayere.emen,1^

of the element were 10 mm wide by 30 mm long. The dimensions of the optical reading chamber 28 were 7.7 mm x

9.6 mm x 0.33 mm. The volume of the optical reading chamber 28 was about 24.4 p.L.

[0047] The reagents used in me assay were prepared as follows:
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Buffer: 50 mM phosphate, pH 7.0

Enzyme solution: horseradish peroxidase (2 units/uX) and glucose oxidase (2 units/ut) were dissolved in 50 mM
phosphate, pH 7.0 (stock solution)

5

Dye solution: a mixture of 0.5 M of 4-aminoantipyrine and 0.5 M 3, 5-dichloro-2-hydroxy-benzenesulfonate in

50 mM phosphate buffer, pH 7.0 (stock solution)

Glucose solution: glucose solutions contained 0, 31 .1 , 62.2, 125, 250 mg/dL prepared in 50 mM phosphate buffer,

10 pH7.0

To glucose solution (1.0 mL) was added enzyme solution (20 \iL) and dye solution (50 ul). The reaction was carried

out at room temperature for two minutes. The reaction mixture was then drawn into the optical reading chamber by

capillary attraction and the absorbance of the reaction mixture read at 515 nm. The following table shows the absorb-

15 ance of the reaction mixture at various concentrations of glucose.

TABLE 1

Concentration of glucose

(mg/dL)

Absorbance

0 0.09

31.1 0.34

62.2 0.71

125.0 1.38

250.0 2.39

FIG. 10 illustrates the dose response curve for this example. From the data in TABLE 1 and the dose response curve,

30 . it can be seen that the article and method of this example provide a linear response. A linear dose response is preferred

because such a response simplifies calculation of concentration of analyte.

EXAMPLE 2

35 [0048] This example demonstrates the feasibility of a glucose assay utilizing a small volume of sample.

[0049] The following materials were purchased from Sigma Chemical Company

Tris (hydroxymethyl) aminomethane buffer (hereinafter Tris buffer") MgCl2-6H20
Adenosine ^-triphosphate (ATP)

40 (5-Nicotinamide adenine dinucleotide (p-NAD)

3-[4,5-dimethylthiazol-2:yl]-2,5-diphenyltetrazolium bromide (MTT)

Hexokinase

Glucose 6-phosphate dehydrogenase (G-6-PDH)

Diaphorase

45
Glucose was purchased from EM Sciences.

[0050] The following compounds were weighed and dissolved in 1 .3 mL of 0.2 M Tris buffer, pH 7.0:

MgCI2 • 6H20 0.0276 g

ATP 0.0165 g

p-NAD 0.0189 g

MTT 0.030 g

Hexokinase 75 units

G-6-PDH 75 units

Diaphorase 75 units

The reagent was prepared in the following manner. The MTT was first dissolved in the Tris buffer. fi-NAD and ATP

9
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were then added to the solution and dissolved. The pH of the resulting solution was then readjusted to 7.0 by means
of a 1.0 M Tris solution. The remaining components were then added and the resulting mixture was mixed.
[0051 ] The multiple-layer element used in this example was of the type shown in FIGS. 3

t 4, 5, 6, and 7. The features
of the multiple-layer element had the following dimensions:

TABLE 2

Feature Dimensions

Optical reading chamber 1 .5 mm diameter x 0.3 mm depth

Flow channel 0.5 mm x 1 .0 mm x 0.3 mm depth

Vent channel 0.5 mm x 0.5 mm x 0.3 mm depth

Vent opening 0.05 mm diameter

Cover layer 12 mm x 30 mm x 0.1 mm
Base layer 12 mm x 30 mm x 0.1 mm
Core layer 12 mm x 30 mm x 0.3 mm

[0052J Reagent {0.3 uL) was introduced into the multiple-layer element at the application site by means of capillary
attraction. Glucose solution (0.3 uL, 250 mg/dL) was then introduced into the multiple-layer element at the application
site by means of capillary attraction. The final reaction volume was 0.582 uL The rate of reaction was monitored in a
Hewlett Packard Diode Array Spectrophotometer (model 8452A) at 640 nm. The reaction was complete in about two
minutes at room temperature. FIG. 11 illustrates absorbance as a function of time. It can be seen that the rate of change
in absorbance as a function of time decreases after about 15 seconds.

EXAMPLE 3

[0053] This example demonstrates the nature of dose response of a glucose assay utilizing a multiple-layer element
having the same dimensions as the element described in Example 2. The reagent employed was the same as that
described in Example 2.

[0054] The result of each reaction was read after two minutes. Standard glucose solutions were used. A linear glucose
response curve was obtained.

[0055] FIG. 1 2 illustrates absorbance at 640 nm as a function of glucose concentration. From FIG. 1 2, it can be seen
that the article and method of this example provide a linear dose response.

EXAMPLE 4

[0056] This example demonstrates a glucose assay utilizing a small volume of sample and a volume of optical reading
chamber of 0.251 ul.

[0057] The materials and multiple-layer element of the type described in Example 2 were employed. The dimensions
of the optical reading chamber were 1 .5 mm diameter, 0.1 0 mm depth. The flow channel and the vent channel were
0.5 mm in width, 0.5 mm in length, and 0.1 mm in depth.

[0058] Reagent (10 ^L) (from Example 2) was mixed with glucose solution (10 uX). The resulting mixture was intro-
duced into the element at the sample application site by means of capillary attraction. Absorbance readings at 640 nm
were taken after two minutes. Sufficient runs were carried out to prepare a dose response curve.
[0059] A linear glucose dose response curve was obtained. The curve is described by the formula y = 3.003x +
179.24; r2 = 0.9887. The hexokinase/G-6-PDH/Diaphorase/MTT system gave a detection sensitivity of about 3 mA/
mg/dL of glucose. The reproducibility of the multiple-layer element was tested by reading the absorbance of the reaction
mixture of the same glucose solution in six different elements. As can be seen from TABLE 3, CV of 7.02 was obtained
at about 173 mg/dL of glucose.

TABLE 3

Run no. Concentration of glucose

(mg/dL)

1 187

2 170

10
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TABLE 3 (continued)

w

Run no. . Concentration of glucose

(mg/dl)

3 164

4 164

5 164

6 190

Mean = 17

S. D. = 12.

CV% = 7.0

3

2

15 FIG. 1 3 illustrates that a linear dose response was obtained. From the data of this example, it can be seen that there

was low variation from sample to sample.

EXAMPLE 5

20 [0060] This example demonstrates a glucose assay utilizing a small volume of sample and multiple-layer elements

containing reagent in a dried state. Elements of the type described in Example 2 were used. However, in each element,

only the base layer had been laminated to one major surface of the core layer. The other major surface of the core

layer had been left uncovered so that reagent could be deposited into the optical reading chamber.

[0061 ] The reagent was prepared as described in Example 2. Reagent (0.5 ut) was transferred by pipette into the

25 optical reading chamber of each multiple-layer element. The reagent was allowed to dry at room temperature. The
remaining major surface of the core layer was then laminated to one major surface of the cover layer. The cover layer

contained a small opening for vent. The thus-formed multiple-layer elements were then stored in a container containing

silica.

[0062] In order to conduct the assay, the glucose solution was introduced into the multiple-layer element at the

30 application site by means of capillary attraction. The volume of each sample was 0.25 ul. When the fluid reached the

vent opening, the flow of fluid ceased. The results of the reaction were read at 640 nm at room temperature after one
minute. Sufficient runs were carried out to prepare a dose response curve.

[0063] FIG. 14 illustrates current (the absorbance signal) as a function of glucose concentration. The data in FIG.

14 shows that the article and method of this example provide a linear dose response.

35

EXAMPLE 6

[0064] This example demonstrates the feasibility of a glucose assay utilizing a small volume of sample with an en-

zyme system comprising glucose dehydrogenase and diaphorase.

40 [0065] The following materials were purchased from Sigma Chemical Company:

Tris buffer -

MgCI2 -6H20
p-Nicotinamide adenine dinucleotide (p-NAD)

*5 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide (MTT)

Glucose dehydrogenase

Diaphorase

Glucose was obtained from EM Sciences.

so [0066] The enzyme system was prepared in the following manner. MTT (3 mg) was dissolved in 1 00 mM Tris buffer

(200 u.L), pH 7.0. P-NAD (12 mg) was then added to the solution and allowed to dissolve. To this mixture was added
1.0 M MgCI2 • 6H20 (2 \iL). The pH of the solution was adjusted to 7.0 by means of 1 .0 M Tris buffer. To this mixture

was then added glucose dehydrogenase (5 mg, 75 units/mg) and 15 units of diaphorase.

[0067] The reagent (3 u.L) mixed with glucose solution (3nL) was introduced by means of capillary attraction into an
55 element of the type described in Example 2. The absorbance of the reaction product was measured at 650 nm using

the instrument shown in FIG. 16. Sufficient runs were carried out to prepare a dose response curve. FIG. 15 shows a

linear glucose dose response up to 500 mg/dl with a detection sensitivity of 35 mg/dL.

11
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Claims

1. An article suitable for use in determining the presence or amount of analyte in a biological sample, said article

comprising a multiple-layer element comprising:

fax a base ,aver having two major surfaces, said base layer further having an opening, a flow channel, and an

Sm££ S3*, one end of which flow channel communicates with said opening ,n sa.d base .ayer

and the other end of which flow channel communicates with said optical reading chamber; and

Si a cover layer in face-to-face contact with the major surface of said base layer containing sa,d opemng.

said cover layer having an opening therein to vent said element

2. The article of claim 1 , wherein said optical reading chamber does not extend completely through said base layer.

3. The article of claim 1 . wherein at least one reagent with which the analyte in the sample reacts to form an optically

detectable reaction product is disposed in said optical reading chamber.

4. The article of claim 3, wherein said at least one reagent comprises hexokinase.

5. The article of claim 3, wherein said at least one reagent comprises glucose dehydrogenase.

6. The article of claim 3, wherein said at least one reagent comprises diaphorase.

7. The article of claim 1 . wherein said second opening communicates with a vent channel.

8. The article of claim 1, wherein said optical reading chamber is cylindrical in shape.

9. The article of claim 1 , wherein said optical reading chamber has a volume no greater than about 1 uL.

10. The article of claim 1, wherein said cover layer has a portion capable of transmitting light in register with said

optical reading chamber.

11. The articleof claim l.whereinsaid base layer hasaportion capable of transmitting light in register with said optical

reading chamber.

12. The article of claim 1 , wherein said second opening is not directly over said optical reading chamber.

13. An article suitable for use in determining the presence or amount of analyte in a biological sample, said article

comprising a multiple-layer element comprising;

(a) a core layer having two major surfaces, said core layer further having^^^.^J-^
optica! reading chamber, one end of which flow channel communicates with

,

said opemng in said core layer

and the other end of which flow channel communicates with said optical reading chamber, and

(b) a base laver in face-to-face contact with one major surface of said core layer; and

an opening therein to vent said element.

14. The article of claim 13, wherein said optical reading chamber extends completely through said core layer.

15. Thearticleofcla^
detectable reaction product is disposed in said optical reading chamber.

1 6. The article of claim 1 5, wherein said at least one reagent comprises hexokinase.

17. The article of claim 15, wherein said at least one reagent comprises glucose dehydrogenase.

18. The article of claim 15, wherein said at least one reagent comprises diaphorase.

19. The article of claim 13, wherein said second opening communicates with a vent channel.

12
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20. The article of claim 13, wherein said optical reading chamber is cylindrical in shape.

21
.
The article of claim 1 3, wherein said optical reading chamber has a volume no greater than about 1 »iL.

22. The article of claim 13, wherein said cover layer has a portion capable of transmitting light in register with said
optical reading chamber is transparent.

23. The article of claim 13, wherein said base layer has a portion capable of transmitting light in register with said
optical reading chamber.

24. The article of claim 13, wherein said second opening is not directly over said optical reading chamber

25. A method for measuring the concentration of analyte in a sample comprising the steps of:

(a) introducing a sample of biological fluid obtained from the body of a patient; to the article of claim 1;

(b) allowing at least one reagent in the article to react with the analyte of interest in the sample; and
(c) measuring the concentration of analyte in the sample by optical instrument.

26. The method of claim 25, wherein the biological fluid is interstitial fluid.

27. The method claim 25, wherein said at least one reagent comprises hexokinase.

28. The method claim 25, wherein said at least one reagent comprises glucose dehydrogenase.

29. The method claim 25, wherein said at least one reagent comprises diaphorase.

30. A method for measuring the concentration of analyte in a sample comprising the steps of:

(a) introducing sample of biological fluid obtained from the body of a patient; to the article of claim 13;

(b) allowing at least one reagent in the article to react with the analyte of interest in the sample; and
(c) measuring the concentration of analyte in the sample by optical instrument.

31. The method of claim 30, wherein the biological fluid is interstitial fluid.

32. The method claim 30, wherein said at least one reagent comprises hexokinase.

33. The method claim 30, wherein said at least one reagent comprises glucose dehydrogenase.

34. The method claim 30, wherein said at least one reagent comprises diaphorase.

Patentanspruche

1
.

Ein Artikel, der geeignet ist zur Verwendung bei der Bestimmung der Anwesenheit Oder Menge eines Analyten in

.

einer biologischen Probe, wobei der Artikel ein Viel-Schicht-Element umfasst, das folgendes umfaBt:

(a) eine Basisschicht, welche zwei Hauptoberflachen hat, wobei diese Basisschicht weiterhin eine Offnung
hat, einen Stromungskanal und eine opttsche Ablesekammer, wobei ein Ende des Strdmungskanals mit der
Offnung in der Basisschicht verbunden ist und das andere Ende des Stromungskanals mit der optischen Ab-.

lesekammer verbunden ist; und

(b) eine Deckschicht in direktem Kontakt mit der Hauptoberflache der Basisschicht, die die.Offnung enthalt,

wobei die Deckschicht darin eine Offnung hat, urn das Element zu luften.

2. Der Artikel von Anspruch 1, worin sich die optische Ablesekammer nicht vollstandig durch die Basisschicht er-

streckt.

3. Der Artikel von Anspruch 1 , worin mindestens ein Reagenz, mit welchem der Analyt in der Probe reagiert, urn ein

optisch nachweisbares Reaktionsprodukt zu bilden, in der optischen Ablesekammer angeordnet ist.

13
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4. Der Artikel von Anspruch 3, worin das mindestens eine Reagenz Hexokinase umfaBt

5. Der Artikel von Anspruch 3, worin das mindestens eine Reagenz Glukosedehydrogenase umfaBt

6. Der Artikel von Anspruch 3, worin das mindestens eine Reagenz Diaphorase umfaBt.

7. Der Artikel von Anspruch 1, worin die zweite Offnung mil einem LOftungskanal verbunden ist

8: Der Artikel von Anspruch 1
,
worin die op.ische Ablesekammer in der Form zylindrisch ist.

9. J^vonA^pru^

"•JeToTiT^^
12. Der Artikel von Anspruch 1

,
worin die zweite 6fimng nicht direkt Ober der optischen Ablesekammer ist

.4. De,A*, «« tep,uc„ 13, worin sich* opfech.a**™™, durcf, a„

16. Der Artikel von Anspruch 15, worin das mindestens eine Reagenz Hexokinase umfaBt.

17. Der Artikel von Anspruch 15, worin das mindestens eine Reagenz G.ukosedehydrogenase umfaBt

18. Der Artikel von Anspruch 15. worin das mindestens eine Reagenz Diaphorase umfaBt.

19. Der Artikel von Anspruch 13. worin die zweite Olfnung mit einem LOftungskanal verbunden ist

20. Der Artike. von Anspruch 13, worin die optische Ablesekammer in der Form zylindrisch ist.

21. Der Artike. von Anspruch13. worin optische Ab.esekammer ein Votumen hat. das nicht groBer «t ate ungefahr

24. Der Artike. von Anspruch 13. worin die zweite Offnung nicht direkt Ober der optischen Ablesekammer ist.

14
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25. Ein Verfahren zur Messung der Konzentration eines Analyten in einer Probe, das folgende Schritte umfaBt:

(a) Einbringen einer Probe von biologischer Flussigkeit, die aus dem Korper eines Patienten erhalten wurde,

in den Artikel von Anspruch 1

;

(b) Zulassen, daB mindestens ein Reagenz in dem Artikel, mit dem Analyten von Interesse in der Probe rea-

giert; und

(c) Messen der Konzentration an Analyt in der Probe durch optisches Instrument.

26. Das Verfahren von Anspruch 25, worin die biologische Flussigkeit Interstitialflussigkeit ist

27. Das Verfahren von Anspruch 25, worin das mindestens eine Reagenz Hexokinase umfaBt.

28. Das Verfahren von Anspruch 25, worin das mindestens eine Reagenz Glukosedehydrogenase umfaBt.

29. Das Verfahren von Anspruch 25, worin das mindestens eine Reagenz Diaphorase umfaBt.

30. Ein Verfahren zum Messen der Konzentration eines Analyten in der Probe, das folgende Schritte umfaBt:

(a) Einbringen einer Probe von biologischer Flussigkeit, die aus dem Korper eines Patienten erhalten wurde,

in den Artikel von Anspruch 1 3;

(b) Zulassen, daB mindestens ein Reagenz in dem Artikel, mit dem Analyten von Interesse in der Probe rea-

giert; und

(c) Messen der Konzentration von Analyt in der Probe durch optisches Instrument.

31. Das Verfahren von Anspruch 30, worin die biologische Flussigkeit Interstitialflussigkeit ist.

32. Das Verfahren von Anspruch 30, worin das mindestens eine Reagenz Hexokinase umfaBt.

33. Das Verfahren von Anspruch 30, worin das mindestens eine Reagenz Glukosedehydrogenase umfaBt.

34. Das Verfahren von Anspruch 30, worin das mindestens eine Reagenz Diaphorase umfaBt.

Revendications

1 . Article pouvant etre utilise dans la determination de la presence ou de la quantity d'un analyte dans un echantillon

biologique, ledit article comprenant un element multicouche comprenant

:

(a) une couche de base ayant deux surfaces principales, ladite couche de base ayant en outre une ouverture,

un canal d'ecoulement et une chambre de lecture optique, une extremite dudit canal d'ecoulement communi-
.

que avec ladite ouverture dans ladite couche de base et I'autre extremite dudit canal d'ecoulement commu-
nique avec ladite chambre de lecture optique ; et

(b) une couche de couverture en contact face a face avec la surface principale de ladite couche de base

contenant ladite ouverture, ladite couche de couverture ayant une ouverture pour purger ledit element.

2. Article selon la revendication 1 , ou ladite chambre de lecture optique ne s'etend pas completement a travers ladite

couche de base.

3. Article selon la revendication 1, ou au moins un reactif avec lequel I'analyte dans I'echantillon reagit pour former

un produit reactionnel optiquement detectable est dispose dans ladite chambre de lecture optique.

4. Article selon la revendication 3, ou ledit ou lesdits reactifs comprennent de Phexokinase.

5. Article selon la revendication 3, ou ledit ou lesdits reactifs comprennent de la glucose dehydrogenase.

6. Article selon la revendication 3, ou ledit ou lesdits reactifs comprennent de la diaphorase.

7. Article selon la revendication 1 , ou ladite seconde ouverture communique avec un canal de purge.
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8. Article selon la revendication 1 , ou ladlte chambre de lecture optique est de forme cylindrlque.

9. Article selon la revendication 1 , ou ladite chambre de lecture optique a un volume qui n'est pas supSrieur a environ

1|iL.

5

10. Article selon la revendication 1, ou ladite couche de couverture a une partie pouvant transmettre la lumiere en

coincidence avec ladite chambre de lecture optique.

11. Article selon la revendication 1, ou ladite couche de base a une partie pouvant transmettre la lumiere en colnci-

w dence avec ladite chambre de lecture optique.

12. Article seion la revendication 1 , ou ladite seconde ouverture n'est pas directement au-dessus de ladite chambre

de lecture optique.

is 13. Article pouvant Stre utilise" dans la determination de la presence ou de la quantity d'analyte dans un Schantillon

biologique, ledit article comprenant un eM6ment multicouche comprenant

:

(a) une couche d'ame ayant deux surfaces principals, ladite couche d'ame ayant en outre une ouverture, un

canal d'ecouiement et une chambre de lecture optique, une extrSmite dudit canal d'Scoulement communique

20 avec ladite ouverture dans ladite couche d'ame et I'autre extr£mit6 dudit canal d'ecouiement communique

avec ladite chambre de lecture optique ; et

(b) une couche de base en contact face a face avec une surface principale de ladite couche d'ame
;
et

(c) une couche de couverture en contact face a face avec I'autre surface principale de ladite couche d'ame,

ladite couche de couverture ayant une ouverture pour purger ledit 6l6ment.

25
.

1 4. Article selon la revendication 1 3, ou ladite chambre de lecture optique s'etend complement a travers ladite couche

d'ame.

15. Article selon la revendication 13, ou au moins un rSactif avec lequel ledit analyte dans I'Schantillon reagit pour

30 former un produit r£actionnel optiquement detectable est dispose" dans ladite chambre de lecture optique.

16. Article selon ta revendication 15, ou ledit ou lesdits reactifs comprennent de I'hexokinase.

17. Article selon la revendication 15, ou ledit ou lesdits rSactifs comprennent de la glucose dehydrogenase.

35

18. Article selon la revendication 15, ou ledit ou lesdits reactifs comprennent de la diaphorase.

19. Article selon la revendication 13, ou ladite seconde ouverture communique avec un canal de purge.

40 20. Article selon la revendication 13, ou ladite chambre de lecture optique est de forme cylindrique.

21 . Article selon la revendication 1 3, ou ladite chambre de lecture optique a un volume qui n'est pas superieur a environ

1 |iL

45 22. Article selon ,la revendication 13, ou ladite couche de couverture a une partie pouvant transmettre la lumiere en

coincidence avec ladite chambre de lecture optique est transparente.

23. Article selon la revendication 1 3, ou ladite couche de base a une partie pouvant transmettre la lumiere en coinci-

dence avec ladite chambre de lecture optique.

50

24. Article selon la revendication 13, ou ladite seconde ouverture n'est pas directement au-dessus de ladite chambre

de lecture optique.

25. Proc£d6 pour mesurer la concentration d'un analyte dans un 6chantillon comprenant les Stapes de

:

55

(a) introduction dans I'article selon ta revendication 1 d'un Schantillon de liquide biologique obtenu a partir du

corps d'un patient

;

(b) reaction d'au moins un r£actif dans Particle avec Tanalyte d'int£r§t dans I'Schantillon ;
et
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(c) mesure de la concentration d'analyte dans I'echantillon par un Instrument optique.

26. Procede selon la revendication 25, ou le liquide biologique est du liquide interstitlel.

27. Proc6d6 selon la revendication 25, ou (edit ou lesdits reactifs comprennent de I'hexokinase.

28. Procede selon la revendication 25, ou led it ou lesdits reactifs comprennent de la glucose dehydrogenase

.

29. Procede selon la revendication 25, ou ledit ou lesdits reactifs comprennent de !a diaphorase.

30. Procede pour mesurer la concentration d'un analyte dans un echantiilon comprenant les Stapes de

:

(a) introduction dans Particle selon la revendication 13 d'un echantiilon de liquide biologique obtenu a partir

du corps d'un patient

;

(b) reaction d'au moins un reactif dans I'articie avec I'analyte d'interet dans I'echantillon ; et

(c) mesure de la concentration d'analyte dans I'echantillon par un instrument optique.

31. Proce'de selon la revendication 30, ou le liquide biologique est du liquide interstitiel.

32. Precede" selon la revendication 30, ou ledit ou lesdits reactifs comprennent de I'hexokinase.

33. Procede selon la revendication 30, ou ledit ou lesdits reactifs comprennent de la glucose dehydrogenase.

34. Procede selon la revendication 30, ou ledit ou lesdits reactifs comprennent de la diaphorase.
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FIG. 5 FIG. 6
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